IMPORTANCE After traumatic brain injury (TBI), children often experience impairment when faced with tasks and situations of increasing complexity. Studies have failed to consider the potential for attention problems to develop many years after TBI or factors that may predict the development of secondary attention-deficit/hyperactivity disorder (SADHD). Understanding these patterns will aid in timely identification of clinically significant problems and appropriate initiation of treatment with the hope of limiting additional functional impairment.
T raumatic brain injury (TBI) is a leading cause of hospitalization in children and adolescents, with more than 1 million children, adolescents, and young adults visiting emergency departments for TBI in the United States annually. 1 Sustaining TBI in early childhood is associated with increased risk for development of psychiatric disorders; rates of new psychiatric disorders among patients with TBI are as high as 49% compared with 13% in control samples of children with orthopedic injury (OI). 2,3 Attention-deficit/ hyperactivity disorder (ADHD), defined by developmentally inappropriate and impairing levels of inattention and/or hyperactivity/impulsivity in multiple settings, 4 is the most common psychiatric disorder among children with a history of TBI, with a prevalence of approximately 20%. [5] [6] [7] Among typically developing school-aged children, the prevalence of ADHD is estimated at 8%. 8 Onset of ADHD symptoms after an injury such as TBI and/or OI is referred to as secondary ADHD (SADHD). Patients who develop SADHD within the first year after injury demonstrate greater functional impairment than those who do not develop SADHD, 9,10 highlighting the importance of understanding factors associated with the development of SADHD.
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Risk factors for development of SADHD after pediatric TBI are not well understood. The effect of injury severity is unclear and varies depending on the severity of TBI examined.
6,7,10, [12] [13] [14] [15] [16] [17] [18] Although some studies report that injury severity does not predict the development of SADHD, 9, 16 others report a dose-response effect, with severe injuries predictive of greater risk for SADHD than less severe injuries.
10, [13] [14] [15] [16] [17] [18] Karveretal 12 noted that children who sustained a severe TBI at a younger age were more likely to develop ADHD symptoms than those injured at older ages. In addition to injury characteristics, environmental factors have been considered. Poor preinjury family functioning and lower socioeconomic status have been linked to an increased risk for SADHD. 7, 9, 13, 16 When injury severity, family psychiatric history, socioeconomic status, and family functioning were examined simultaneously, only family functioning was significantly associated with ADHD symptoms, with poor family functioning associated with more severe ADHD symptoms. 15 Most studies examining the development of SADHD were limited to the initial 2 years after injury and did not consider the potential for SADHD to develop many years after injury.
7,9,10,13,15-17 However, children with a history of TBI might experience new types of impairment, even many years after injury, when faced with tasks and situations of increasing complexity. Early adolescence is a time of great change in brain development and behavioral functioning. 19 In addition, parents and teachers place increasing expectations on children for independently organizing and completing schoolwork, navigating multiple classrooms, and managing the expectations of multiple teachers. These physical and social changes, coupled with evidence that early injuries may disrupt the acquisition of developmentally appropriate skills, 20 suggest that children who sustain a TBI in early childhood may demonstrate an emergence or worsening of ADHD symptoms during this developmental period. Finally, little is known about how injury characteristics and environmental factors interact over time to predict the development of SADHD. The present study aimed to fill these gaps by examining the development of SADHD during the 5 to 10 years after injury in children with TBI relative to a control group of children with OI. We further evaluated individual (age at injury, injury severity) and environmental predictors (maternal educational level and family functioning) of SADHD.
Methods

Participants and Study Design
A concurrent cohort/prospective research design was used. Consecutive admissions of children between the ages of 3 and 7 years hospitalized overnight for TBI or OI were screened at 3 tertiary care children's hospitals and 1 general hospital. Patients were enrolled from January 2003 to June 2008, data collection for the final follow-up occurred from December 2009 through April 2015, and statistical analyses for the present paper were conducted from September 2016 through December 2017. Children with OI served as the comparison group to control for preinjury child and family factors, including child attention problems that increase the likelihood of sustaining an injury requiring hospitalization. 21 Additional eligibility criteria included accidental cause of injury, no preinjury neurologic problems or developmental delays, and English as the primary language. Children were not excluded if they had a history of attention problems. Institutional review boards of participating institutions, Cincinnati Children's Hospital Medical Center, Nationwide Children's Hospital, Rainbow Babies and Children's Hospital, and MetroHealth Medical Center, approved all procedures, and written informed consent or assent was obtained from all participants. Assent was collected in congruence with individual institutional review board requirements or guidelines. At Cincinnati Children's Hospital Medical Center, verbal assent was obtained for all children younger than 11 years, and written assent was collected for all children 11 years of age and older; at Nationwide Children's Hospital, assent was
Key Points
Question What factors are associated with the development of secondary attention-deficit/hyperactivity disorder in children 5 to 10 years after traumatic brain injury?
Findings In this cohort study that included 187 children, severe traumatic brain injury and lower levels of maternal educational level were significantly associated with increased risk for secondary attention-deficit/hyperactivity disorder. Family dysfunction was significantly associated with increased risk in patients with traumatic brain injury but not in patients with orthopedic injury.
Meaning Injury and environmental factors were associated with risk of secondary attention-deficit/hyperactivity disorder, with new onset up to 6.8 years after injury, highlighting the importance of identifying risk and promoting long-term follow-up of patients with high risk for secondary attention-deficit/hyperactivity disorder.
obtained from patients between the ages of 9 and 18 years; and at Rainbow Babies and MetroHealth, written assent was obtained from children 7 years and older, and verbal assent was obtained from children younger than 7 years. Assessments were completed at baseline (mean [SD] of 1.3 [6.6] months after injury), 6, 12, and 18 months after injury, with longer-term follow-up visits a mean (SD) of 3.4 (0.84) years and 6.8 (1.05) years after injury. Children were invited for the final assessment when they transitioned to middle school, with the expectation that deficits in executive function and attention would emerge at this time. Severity of TBI was characterized using the lowest postresuscitation Glasgow Coma Scale (GCS) score. Severe TBI was defined as a GCS score of 8 or lower. Moderate TBI was defined as a GCS score of 9 to 12, and complicated mild TBI was defined as a GCS score of 13 to 15 with abnormal findings on brain imaging. The OI group included children who sustained a bone fracture (excluding skull fracture) and did not exhibit alterations in consciousness or other signs or symptoms of brain injury.
Measures
At each visit, parents completed a demographic questionnaire that asked about basic demographic information (including maternal educational level) as well as behavioral and mental health diagnoses and treatment for behavioral or emotional concerns. Specifically, parent report of diagnosis of ADHD (before or after injury) and whether the child was currently taking stimulant medication were obtained. The developmentally appropriate version of the Child Behavior Checklist (CBCL), 22 CBCL 1.5 to 5 years or CBCL 6 to 18 years, was collected at each visit. The CBCL is a parent-report measure of child emotional and behavioral problems with high testretest reliability and criterion validity that has been shown to be sensitive to behavioral problems after TBI. 23, 24 The DSMOriented Attention-Deficit/Hyperactivity Problems Scale T score was used to identify patients with elevated levels of attention problems, with higher scores indicative of greater behavioral concerns. The Family Assessment Device-Global Functioning 25 is a parent self-report measure assessing family functioning with established reliability and validity. Scores range from 1 to 4, with higher scores indicating poorer functioning. Consistent with previous work, a raw score greater than 2.17 was used to define clinically significant levels of family dysfunction, 26 with binary classification (presence/absence) of dysfunction used in the analyses.
Defining ADHD
In the current study, ADHD was defined as T scores higher than 65 on the DSM-Oriented Attention-Deficit/Hyperactivity Problems scale on the CBCL, parent-reported history of ADHD diagnosis, or prescribed stimulant medication. Participants who met these ADHD criteria at the baseline assessment (when parents were asked to report behavior, ADHD diagnosis, and treatment before injury) were considered to have primary/ preinjury ADHD. To focus on the development of new-onset attention problems, those with primary ADHD were excluded from analyses. Children who did not meet the criteria for primary ADHD but met the criteria for ADHD at any subsequent assessment visit were considered to have secondary ADHD (SADHD). Clinically significant elevations in CBCL ratings of attention problems are robustly associated with diagnoses made via structured diagnostic interview, highlighting the clinical utility of this approach.
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Statistical Analyses
The primary outcome measure was the development of SADHD. Interval-censored Cox proportional hazards regression modeling was used to model the time from injury to development of SADHD among the injury groups and the moderating effects of family functioning. Two separate models were completed. The first was a main-effects model examining differences in the hazard of SADHD development by injury severity (OI, complicated mild TBI, moderate TBI, and severe TBI) and demographic and environmental factors (age at injury, sex, maternal educational level, and family functioning). Because family functioning has been one of the most consistent environmental factors shown to influence recovery 7,9,15 and moderate the effects of injury, 27,28 a second model was run to explore the injury group by family functioning interaction on SADHD development. This model included injury group (TBI vs OI), demographic/environmental factors (age at injury, sex, maternal educational level, and family functioning), and family functioning by injury group interaction. Site of enrollment was controlled for in both models. The threshold for statistical significance was set at 2-sided P < .05, and 95% CIs for hazard ratios (HRs) were calculated. To better understand factors associated with development of SADHD, we tested the proportional hazards assumption for the Cox proportional hazards regression models by examining the Pearson product moment correlation between the Schoenfeld residual and the rank of survival time for cases that progressed to SADHD. All statistics analyses were completed using SAS software (version 9.4; SAS Institute Inc).
Results
Two hundred twenty-one participants were originally enrolled in the study based on the inclusion criteria reviewed above. To focus on the consequences of more severe injuries, 15 children with uncomplicated mild TBI (GCS score >13 with no clinically significant neuroimaging findings) were excluded from analyses. An additional 16 children (1 with severe TBI, 1 with moderate TBI, 3 with complicated mild TBI, and 11 with OI) with primary ADHD were excluded, and 3 children were excluded because they were missing parent rating scales at the baseline assessment. The analyzed sample included 187 children. Of these, the mean (SD) age at injury was 5.1 (1.1) years, 108 (57.8%) were male, and 50 (26.7%) were of nonwhite race/ethnicity ( Table 1) . One hundred sixty-seven of the 187 (89.3%) of the sample analyzed were retained at the 6-month visit, 151 (80.7%) at the 12-month visit, 149 (79.7%) at the 18-month visit, 134 (71.7%) at the 3.4-year visit, and 120 (64.2%) at the final time point (6.8-year visit). Retention rates did not differ across injury groups at any visit. One hundred (53.5%) of the participants completed all 6 visits, and chil-dren who completed all visits did not differ from those who did not complete the long-term follow-up on any of the demographic variables (eTable in the Supplement).
Of the 187 children with no preinjury ADHD, 48 children (25.7%) met our definition of SADHD. These included 13 children with severe TBI (incidence rate, 0.19 event per personyear), 6 with moderate TBI (incidence rate, 0.06 event per person-year), 13 complicated mild TBI (incidence rate, 0.06 event per person-year), and 16 with OI (incidence rate, 0.03 event per person-year). Children met criteria for SADHD for the following reasons: 26, CBCL elevation only; 6, reported diagnosis only; 4, ADHD medication only; 4 CBCL elevation and ADHD medication; 5, reported diagnosis and ADHD medication; and 3, CBCL elevation and reported diagnosis and ADHD medication. None of the children had CBCL elevation and reported diagnosis. The SADHD criteria did not differ across injury groups. The number of children at risk at the start of each visit as well as newonset cases for each injury group at each visit are presented in the Figure. The probability of not developing SADHD (cumulative survival rate) for each group over time is presented in the Figure. Of note, 8 of the 13 children (61.5%) with severe TBI who developed SADHD did so within the first year after their injury, whereas 3 of 6 children (50.0%) with moderate TBI and 7 of 13 (53.8%) with complicated mild TBI who developed SADHD did so later than the first year after injury.
Results of the main-effects model showed that injury groups differed significantly in the hazard for the development of SADHD (Table 2) . Specifically, children with severe TBI had significantly increased risk for the development of SADHD compared with the OI group (HR, 3.62; 95% CI, 1.59-8.26). The complicated mild TBI and moderate TBI group did not differ significantly from the OI group. Lower maternal educational level (HR, 0.33; 95% CI, 0.17-0.62) and greater family dysfunction (HR, 3.22; 95% CI, 1.60-6.45) were also significantly associated with risk for SADHD (Table 2) .
Results from the interaction-effects model revealed that male sex (HR, 1.97; 95% CI, 1.03-3.77) and lower levels of maternal education (HR, 0.34; 95% CI, 0.18-0.66) were associated with increased risk for SADHD (Table 3) . Although the TBI by family dysfunction interaction was not statistically signifi- 
Discussion
As expected, injury type and severity were associated with increased risk of SADHD. Specifically, 61.9% of children with severe TBI (13 of 21) developed SADHD, whereas 15.1% of children with OI (16 of 106) developed SADHD by the start of middle school (approximately 7 years after injury). Overall, across the spectrum of TBI severity, the risk for SADHD was increased, with strongest associations with severe TBI. Although the risk of SADHD developing after complicated mild TBI and moderate TBI did not meet the threshold for statistical significance, all TBI severity groups demonstrated almost twice the risk for SADHD compared with children with OI, with risks as much as 4 times higher for the severe TBI group compared with the OI group. Although most children with severe TBI who developed SADHD did so within the first 18 months after injury, a portion of those with complicated mild and moderate TBI demonstrated new onset of SADHD at the final 2 assessments, highlighting the importance of continued monitoring even years after TBI. Maternal educational level and family factors influenced the risk for developing SADHD. Most notably, poor family functioning increased the risk among those with TBI, and minimal association with family dysfunction was noted within the OI sample. Because children with high levels of family dysfunction may be at particular risk for SADHD, follow-up of this subgroup is critical. This study fills a gap in the literature on development of SADHD after pediatric brain injury by following up children injured in early childhood for a mean of 7 years after injury. The findings confirm previous research documenting an increased risk for SADHD after childhood TBI and support the need for postinjury monitoring to ensure timely identification and management of attention problems. Although children with severe TBI were at highest risk for SADHD compared with children with OI, those with less severe TBI had about twice the risk of developing attention problems throughout development than their peers without brain injury. Taken together, findings suggest that physicians and other clinicians should continue to be vigilant in monitoring attention problems in patients with a history of brain injury, even if it has been a number of years since the injury, the injury was moderate in nature, or the patient experienced a predominantly positive recovery. As observed by Max and colleagues, 15 when environmental variables were included in the model along with the interaction of injury group and family functioning, TBI was no longer associated with an increased risk for SADHD compared with OI, although poor family functioning was associated with increased risk for SADHD among the children with TBI. Injury characteristics may increase risks for family dysfunction more immediately after injury, and such dysfunction may either mediate or exacerbate the adverse effects of TBI. In view of these findings, consideration of factors that may interact with injury characteristics, such as family functioning, will be important in planning clinical follow-up. The present findings support the pattern of greater environmental effects after TBI that has been reported in other cohorts [28] [29] [30] [31] [32] [33] [34] and highlight the idea that family environment continues to play a role in recovery even years after injury.
Limitations
Results of this study should be considered in the context of its limitations. All reports (ADHD symptoms, history of diagnosis and prescribed medication, and family functioning) were based on parent report and were thus susceptible to reporting bias. In addition, ADHD (primary ADHD and SADHD) was identified based on parent report with no information regarding symptoms or impairment in other settings, such as school. Furthermore, the cutoff for SADHD was determined by CBCL scores in the borderline-clinical range. Future studies examining this topic would benefit from using a structured diagnostic interview and collection of teacher ratings to better document symptoms across settings. Similarly, the use of the CBCL DSM-Oriented Attention-Deficit/Hyperactivity Problems Scale does not allow for the examination of symptoms by domain (eg, hyperactivity, inattention). The use of structured interviews, symptom rating scales, or both would permit a more fine-grained analysis of the association of risk factors across ADHD symptom domains. Although we controlled for newonset ADHD in children in the OI group after injury, this group had a greater proportion of preinjury ADHD, suggesting that this group may have greater behavioral or attentional difficulties than their noninjured peers. Inclusion of noninjured, typically developing controls would allow for comparison of ADHD development with the general population. Furthermore, this study focused on children hospitalized for more severe TBI; thus, the findings may not have implications for the development of SADHD in children with mild TBI. Future larger studies would benefit from inclusion of a wider range of injury severity and assessment of environmental, genetic, and other injury-related factors to better understand which individuals are at risk for development of attention problems and to advance the development of individualized assessment and management approaches. In addition to understanding the mechanisms that may underlie the development of SADHD, exploring the association of SADHD with functional outcomes (eg, executive functioning, psychosocial adjustment, or family/ caregiver stress) will be crucial in understanding the specific needs of this population.
Conclusions
Despite these limitations, findings from this study have important clinical implications. Children with a history of TBI, even those with less severe injuries, have an increased risk for the development of new-onset attention problems even many years after injury. Notably, the treatment of attention problems after TBI in childhood is hindered by a paucity of relevant evidence and inconsistent findings. 35 Although treatments were not the focus of this study, a critical need exists to evaluate the effectiveness of interventions for attention problems after pediatric TBI, including medication and cognitive training. A better understanding of how a range of factors predicts the development of attention problems after TBI would inform delivery of interventions in the most timely and effective manner. Findings about the association of family functioning with the development of attention problems after TBI also support previous research highlighting the importance of allocating resources to the injured child's family throughout recovery. 18 
